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about $30 million per year, less than 1 percent of sales.  This is an
extremely low figure, and it serves to point out the need for additional
research that would allow the United States to maintain its competitive
position in the world market.  Foreign competition is keen.   Countries
such as Japan and Germany have been extremely effective in competing
with the United States in the introduction of new, high-performance
electrochemical power sources.  The most direct and effective manner for
the United States to retain a leading market share would be to develop a
strong federal research program that interacts effectively with U.S.
industry.

Electrochemical Sensors

Sensors are devices with behavior that responds to physical,
mechanical, or chemical changes in the environment and with properties
that can be quantitatively and reliably measured.  Applications for
sensors span the health, agriculture, industry, and personal-use sectors
of the economy.  With few exceptions (e.g., pH sensors), today's
electrochemical sensors are associated with laboratory systems because
their complexity and fragility require operation by trained technicians
under controlled conditions.  The potential markets for instrumentation
systems containing electrochemical sensors that are simple, rugged,
reliable, and low in cost are large and are outlined in Table 3-6.
Although they represent a small percentage of the dollar value of
markets for instrumentation systems that use them, sensors are the
enabling technology that gives the system its needed sensitivity,
selectivity, and reliability.

Health Care

Devices based on electrochemical phenomena represent a
multimillion-dollar market annually for health care (75).
Applications are probably most important in the sphere of population
well-being.  For example, experience with heart pacemakers shows that
the typical use is for those in the 60- to 80-year age bracket who will
lead a relatively active and normal life and have a "statistically
average" life expectancy with the assistance of a pacemaker.  Without
this device, the person would be debilitated and have a life expectancy
of only 1 to 2 years.  The current market for pacemakers is estimated at
nearly 300,000 per year worldwide, about half that in the United States
(/5).  With a battery cost on the order of $100 for an implanted
pacemaker, the dollar value ranges from $15 to $30 million for the
batteries alone (predominantly lithium-iodine systems).   The total cost
associated with implanting pacemakers is a hundred times greater.